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(54) Mobile satellite communication terminal 

(57) A mobile satellite communication terminal 
capable of performing satellite communication both 
indoors and outdoors. In an indoor mode, the mobile 
satellite communication terminal includes an indoor ter- 
minal for carrying out transmission or reception of a sig- 
nal through a ground radio link and a repeater terminal 
installed in such a location that the repeater terminal 

Satellite 



can get an unobstructed view of a satellite for carrying 
out transmission or reception of a signal through a sat* 
ellite communication link. In an outdoor mode, an 
antenna of the indoor unit is replaced by an antenna for 
the satellite communication link, whereby the indoor ter- 
minal can be used as an outdoor terminal. 
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Description 

The present invention relates to mobile satellite 
• communication terminals for use in a mobile satellite 

communications system and more particularly, to a s 
mobile satellite communication terminal which can be 
used not only outdoors but also indoors. 

A prior art mobile satellite communication terminal 
will be explained referring to Fig. 1 showing a diagram 
for explaining a schematic arrangement of the mobile 10 
satellite communications system. The system includes 
a central earth station 1, a plurality of mobile satellite 
communication terminals 40-1, 40-2 and 40-3 (which 
will be sometimes referred to merely as "terminals", 
hereinafter), and a satellite 2. is 

More in detail, the terminals 40-1 to 40-3 comprise 
mobile satellite communication terminals all having the 
same arrangements and easily portable. 

In the illustrated example, one 40-1, e.g., of these 
terminals 40-1 to 40-3, which is used outdoors, is con- 20 
nected to the central earth station 1 through the satellite 
2. In this case, even when moved in between mountains 
or buildings, the terminal 40-1 can communicate with 
the central earth station 1 so long as the terminal 40-1 
is located within such a range that the terminal can get 25 
an unobstructed view of the satellite 2. 

In the illustrated example, the terminal 40-2 is 
installed within such a structure as a building. In this 
case, when the terminal 40-2 is mounted, e.g., at such 
a location as in the vicinity of a window 21 that the ter- 30 
minal can get an unobstructed view of the satellite 
inside of the structure, the terminal can communicate 
with the central earth station 1 because the attenuation 
of electromagnetic wave signal caused by the structure 
is as small as negligible. 35 

Meanwhile, since the terminal 40-3 is positioned at 
such a location away from the window 21 inside the 
structure, the terminal cannot get a unbroken view of 
the satellite 2, the terminal 40-3 cannot transmit 
send/receive signals with respect to the satellite for the 40 
satellite communication. 

For the purpose of enabling the terminal 40-3 to 
attain its communication with the central earth station 1 , 
it is required for the terminal 40-1 to be moved to such a 
location as in the vicinity of the window that the terminal 45 
can receive electromagnetic waves from the satellite as 
in the case of the terminal 40-2. 

As mentioned above, in the prior art mobile satellite 
communications system, when there is an obstruction 
which blocks a spatial communication channel or link so 
between the mobile satellite communication terminal 
and satellite, the communication therebetween 
becomes impossible. In particular, inside of such a 
structure as a building, such communication can be 
established only at such a limited location as in the ss 
vicinity of a window. 

Thus, even when the mobile satellite communica- 
tion terminal is of a mobile type, there is a problem that 
it is impossible to use the terminal with a high flexibility. 



An example of the aforementioned mobile satellite 
communications system is disclosed in a literature, 
PTC's 93 Proceedings, pp. 83 5-840, entitled "INMAR- 
SATS PORTABLE MES." 

It is therefore an object of the present invention to 
provide a mobile satellite communication terminal which 
can attain satellite communication with high flexibility 
even when the terminal is installed inside of a structure 
at such a location that the terminal cannot get an unob- 
structed view of a satellite. 

In accordance with an aspect of the present inven- 
tion, the above object is attained by providing a mobile 
satellite communication terminal to be located indoors 
or outdoors for carrying out signal transmission and 
reception via a satellite, which terminal comprises, in an 
indoor mode, a repeater terminal installed indoors and 
having a first antenna for a ground radio link and a sec- 
ond antenna for satellite communication link mounted 
thereto for converting a signal on the ground radio link 
into a signal on the satellite communication link, and a 
mobile unit installed indoors and having the first earth 
radio link antenna mounted thereto forming an indoor 
terminal for carrying out transmission or reception of a 
signal externally connected via the ground radio link; or 
which terminal comprises, in an outdoor mode, the 
mobile unit installed outdoors and having the second 
satellite communication link antenna mounted thereto 
forming an outdoor terminal for carrying out transmis- 
sion and reception of a signal externally connected via 
the satellite communication link, wherein, when the first 
or second antenna is mounted to the mobile unit, the 
mobile unit is used as the indoor or outdoor terminal. 

A mobile satellite communication terminal in 
accordance with the present invention will be detailed 
with reference to the accompanying drawings. 

Fig. 1 schematically shows an arrangement of a 
prior art mobile satellite communications system; 
Fig. 2 shows an arrangement of a mobile satellite 
communications system in accordance with the 
present invention; 

Figs. 3A, 3B, 3C and 3D show replacement units as 
basic elements of the present invention respec- 
tively; 

Fig. 4 shows a detailed structure of a mobile unit 
16; and 

Fig. 5 shows an arrangement when the basic ele- 
ments of Fig. 3 are combined to realize outdoor 
communication. 

Referring first to Fig. 2, there is shown an arrange- 
ment of a mobile satellite communications system 
which uses the mobile satellite communication terminal 
of the present invention. In the illustrated example, the 
mobile satellite communication terminal of the present 
invention includes, as major constituent elements, two 
types of terminals, that is, an outdoor terminal 3 or 
indoor terminal 4 directly connected to a subscriber ter- 
minal for transmitting a signal received from the sub- 
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scriber terminal via a satellite communication link 11 or 
a ground radio link 12, and a repeater terminal 10 for 
converting send/receive signals on the satellite commu- 
nication and ground radio links 11 and 12 into suitable 
signals. 

The outdoor terminal 3 and the indoor terminal 4 
have the same structure except for different types of 
antennas mounted detachably thereto. More specifi- 
cally, the outdoor terminal 3 has an antenna for satellite 
communication link mounted thereon, whereas, the 
indoor terminal 4 has an antenna for the ground radio 
link. 

Such separate use of the mobile terminal as the 
indoor or outdoor terminal 3 or 4 is for the following rea- 
son. A frequency band for use of signal transmis- 
sion/reception to/from the satellite 2 is usually a 
microwave or quasi-microwave high-frequency band. 
Further employed as its modulation system is a quadra- 
ture phase shift keying (QPSK) or offset QPSK 
(OQPSK) modulation system which can efficiently uti- 
lize the radio zone and also can operate with a low car- 
rier-to-noise (C/N) ratio. Meanwhile, for the ground radio 
link between the repeater unit 1 0 and indoor terminal 4, 
a relative low frequency band below a VHF band is 
employed as an operating frequency band to make an 
antenna directivity as wide as possible, because a dis- 
tance between the repeater terminal 10 and indoor ter- 
minal 4 is very short. For the modulation system, a 
frequency shift keying (FSK) or frequency modulation 
(FM) system can be used. 

In this way, since the present invention is intended 
to use two communication links different in application 
purposes, two types of the outdoor and indoor terminals 
3 and 4 are selectively employed. 

The ground radio link 12 refers, in the illustrated 
example, to a radio link which is used exclusively for the 
indoor communication and to which a relatively low fre- 
quency band (such as a VHF band) is allocated in order 
to realize the indoor communication even when the 
indoor terminal cannot get an unobstructed direct view 
of the satellite. 

The aforementioned mobile satellite communica- 
tion terminal is used to form such a mobile satellite com- 
munications system as shown in Fig. 2. 

More in detail, the repeater terminal 10 is installed, 
as shown in Fig. 2, inside a structure 22 at such a loca- 
tion that the repeater terminal can get an unobstructed 
view of the satellite 2, for example, in the vicinity of the 
window 21. The relay unit 10 has an antenna (A) 5 for 
signal transmission/reception to/from the satellite 2, an 
antenna (B) 6 for signal transmission/reception to/from 
the indoor terminal 4 via the ground radio link, and a 
converter 9 for converting send/receive signals of the 
antenna (A) 5 and antenna (B) 6 into suitable sorts of 
signals. The antenna (A) 5 and antenna (B) 6 are con- 
structed to be mechanically detached from the con- 
verter 9. 

Also installed inside the structure 22 is the indoor 
terminal 4 having the removable antenna (B) 6 so that 



the indoor terminal 4 can transmit and receive signals to 
and from the repeater terminal 10 through the ground 
radio link 12. 

On the other hand, installed outdoors is the outdoor 

5 terminal 3 having the removable antenna (A) 5 so that 
the outdoor terminal 3 can transmit and receive signals 
to and from the satellite 2 through the satellite commu- 
nication link 1 1 . 

Explanation will then be detailed as to the operation 

io of the mobile satellite communication terminal. The 
operation of the repeater terminal 10 will first be 
explained below. 

In the present invention, the repeater terminal 10 is 
mounted indoors at such a location that the repeater ter- 

is minal can get an unobstructed view of the satellite 2 to 
utilize the satellite communication. The repeater termi- 
nal 1 0 has two antennas of the antenna (A) 5 for the sat- 
ellite communication link and the antenna (B) 6 for the 
ground radio link. When it is desired to receive a receive 

20 signal from the satellite 2, for example, the repeater ter- 
minal 10 directly receives the receive signal at its 
antenna (A) 5 through the window 21 via the satellite 
communication link 1 1 , converts the signal into a suita- 
ble signal at its converter 9. and then transmits the con- 

25 verted signal from the antenna (B) 6 to the indoor 
terminal 4 via the ground radio link 12. 

This result in that, even when the indoor terminal 4 
is installed at such a location that the indoor terminal 
cannot get an unobstructed view of the satellite 2 at all, 

so the indoor terminal 4 can receive and transmit signals 
from and to the satellite 2 via the repeater terminal 10. 

Explanation will next be made as to the detailed 
structure of the indoor terminal 4. 

The indoor terminal 4 is made up of an antenna 

35 (B)6 for the ground radio link, an interface 13. two types 
of radio frequency parts (RFs) 7 and 8. and a common 
part 15. In the illustrated example, the interface 13 is 
provided between the antenna (B)6 and the RF (A) and 
RF (B) 7 and 8 and has a function of automatically 

40 selecting corresponding one of these RFs. 

Also provided between the antenna (B)6 and inter- 
face 13 is a high frequency connector which mechani- 
cally removably connects the antenna and interface. 
The interface 13 in the unit 3 or 4 judges whether 

45 the antenna connected thereto is the ground radio link 
antenna (B) 6 or satellite communication antenna (A) 5, 
and on the basis of its judgement result, selects corre- 
sponding one of the RFs 7 and 8. 

More specifically, in the indoor terminal 4, the RF 

so (B) 8 for use with a signal on the ground radio link is 
selected and the associated signal is input or output to 
or from the common part 1 5. 

The common part 15 has two types of modula- 
tion/demodulation functions as well as a baseband 

55 processing function. The common part 1 5, when receiv- 
ing the signal corresponding to the judged antenna type 
from the interface 13, selects one of the modula- 
tion/demodulation functions for the ground radio link 
(which function will be referred to as the modula- 
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tion/demodulation system (B), hereinafter) and for the 
satellite communication (which function will be referred 
to as the modulation/demodulation system (A), herein- 
after). 

More in detail, when the interface 13 judges that the s 
connected antenna is the antenna (B)6 of the indoor ter- 
minal 4 and correspondingly receives a detection signal 
indicative of the fact the common part 15 selects the 
modulation/demodulation system (B). 

As a result when it is desired to transmit a voice or 
data signal from the mobile unit 4 to the central earth 
station 1 , the common part 1 5 first outputs a modulation 
signal based on the modulation/demodulation system 
(B). The modulation signal is converted at the RF (B) 8 
into a signal based on the modulation/demodulation 
system, and then transmitted from the antenna (B) 6 to 
the repeater terminal 10 through the interface 13. 

The repeater terminal 10, on the other hand, 
receives at its antenna (B) 6 the transmission signal 
modulated based on the modulation/demodulation sys- 
tem (B) and having a carrier frequency (B). The con- 
verter 9, when receiving the transmission signal of the 
indoor terminal 4 from the antenna (B) 6, converts the 
carrier frequency (B) of the transmission signal to a car- 
rier frequency (A) as a satellite communication carrier 
and also the modulation/demodulation system (B) 
thereof to the modulation/demodulation system (A) as 
the satellite communication modulation/demodulation 
system respectively. 

An output signal of the converter 9 is sent to its sat- 
ellite communication antenna (A) 5, from which the sig- 
nal with the carrier frequency (A) and based on the 
modulation/demodulation system (A) is transmitted to 
the satellite 2 via the satellite communication link 1 1 . 

When it is desired for the indoor terminal 4 to 
receive a signal inversely, the repeater terminal 10 first 
receives from the satellite 2 a modulation signal of the 
carrier frequency (A) based on the modulation/demodu- 
lation system (A). 

The repeater terminal 1 0, after receiving the modu- 
lation signal from the satellite 2, converts it to a signal of 
the modulation/demodulation system (B) having the 
carrier frequency (B) and transmits the converted signal 
to the mobile unit 4. The mobile unit 4 receives the sig- 
nal from the repeater terminal 10 and outputs a received 
signal. 

Explanation will next be made as to a case where 
the mobile satellite communication terminal of the 
present invention is used as the outdoor terminal 3. The 
antenna (A) 5 is mounted to the mobile unit for use with 
the satellite communication link to form the outdoor ter- 
minal 3. 

As already explained above, the outdoor terminal 
has the same structure as that of the indoor terminal 
except for the antenna. In the outdoor terminal 3, the 
interface 1 3 detects that the antenna (A) 5 was mounted 
thereto, and controls the RF (A) 7 and the common part 
1 5 in such a manner that the carrier frequency (A) is 



generated and the modulation/demodulation system is 
changed to the modulation/demodulation system (A). 

This results in that the outdoor terminal 3 can real- 
ize signal transmission/reception to/from the satellite 2 
via the satellite communication link. 

With the aforementioned arrangement, the modula- 
tion/demodulation system of the indoor terminal for the 
ground radio link has been made different from that for 
the satellite communication link: However, the present 
invention is not limited to the specific example but may 
be modified so that the modulation/demodulation sys- 
tem for the ground radio link is made to the same as that 
for the satellite communication link to simplify the 
arrangement of the mobile satellite communication ter- 
minal. 

Next, a specific arrangement of the mobile satellite 
communication terminal in accordance with the present 
invention will be detailed below. 

Shown in Figs. 3A, 3B, 3C and 3D are replacement 
units which form major parts of the mobile satellite com- 
munication terminal of the present invention. 

Referring first to Fig. 3A, there is shown a replace- 
ment or mobile unit 1 6 in the mobile satellite communi- 
cation terminal. In this case, such an antenna (A) 5 or 
antenna (B) 6 as shown in Fig. 3C or 3D is connected to 
the mobile unit 16 by means of a coaxial connector. 

It is also assumed in this case that the interface 13 
has a function of selecting one of the modula- 
tion/demodulation systems of the RF (A) 7, RF (B) 8 or 
common part 15 according to the type (the antenna (A) 
5 or antenna (B) 6) of the antenna connected thereto, fn 
an exemplary method for detecting the antenna type, 
separate connectors are previously provided for the 
mounting of the antenna (A) 5 and antenna (B) 6 to the 
interface 1 3. so that the interface 1 3 can detect different 
impedances of the attached connectors and thus can 
know or judge the type of the antenna actually mounted 
thereto based on the detected impedance. 

In another antenna detecting method, for the pur- 
pose of implementing an economical and small-size 
mobile satellite communication terminal, a single com- 
mon connector is used for the mounting of both the 
antennas to the interface 13 so that only one of these 
antennas is previously set to cause completion of a D.C. 
loop of a signal line of the interface 13, whereby the 
mounted antenna can be identified by detecting a cur- 
rent flowing the D.C. loop. The RF (A) 7 comprises a 
high frequency circuit for the satellite communication 
link which has a function of performing amplifying and 
frequency converting operation over a high frequency 
signal. 

Similarly, the RF (B) 8 comprises a high frequency 
circuit for the ground radio link. 

The high frequency signal for the satellite communi- 
cation link usually requires the transmitter side to have 
a large power amplifying function and the receiver side 
to have a low-noise amplifying function. Meanwhile, the 
high frequency signal for the ground radio link requires 
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no such functions, for which reason the signal for the 
ground radio link is independently prepared. 

The common part 1 5 functions to perform its modu- 
lating/demodulating operation over a signal of an inter- 
mediate frequency band subjected to a frequency s 
conversion by the RF (A) 7 or RF (B) 8 or to perform its 
baseband signal processing operation to form an exter- 
nal interface of send/receive signals. 

Fig. 4 shows a structure of the mobile unit 16 in 
which the interface 1 3 is connected to the antenna (A) 5 
or antenna (B) 6 through a coaxial connector 133. An 
antenna detection circuit 132 detects the type of the 
antenna connected thereto and controls a high fre- 
quency switch 131 based on its detected output 

This high frequency switch may comprises a pin 
diode switch in its simple form. The RF (A) 7 receives a 
receive signal from the high frequency switch 131 at its 
circulator 71 , amplifies the signal at a low-noise ampli- 
fier 72, and then perform its frequency converting oper- 
ation at a mixer 73 over the signal to obtain a signal of 
an intermediate frequency band. Reference symbol RX 
SYNTH(A) 74 denotes a synthesizer for the frequency 
conversion. The receive signal of the intermediate fre- 
quency band is demodulated by a DEM(A) 1 53 to obtain 
a baseband signal. 

Meanwhile, in the transmitter side, a baseband sig- 
nal is modulated by an MOD(A) 154, amplified by an 
intermediate frequency band amplifier 79. frequency- 
converted by a TX SYNTH(A) 78 and a mixer 77, ampli- 
fied by a high frequency amplifier 76, and then sent to 
the circulator 71. This send signal is sent through the 
high frequency switch 131 to the output terminal 133, 
from which the signal is externally output. Since the RF 
(B) 8 has the same structure as the RF (A) 7, detailed 
explanation thereof is omitted. 

The common part 15 has satellite communication 
modulation and demodulation circuits MOD(A) 154 and 
DEM(A) 153 and earth radio wave modulation and 
demodulation circuits MOD(B) 152 and DEM(B) 151. 
Under control of detection output of the antenna detec- 
tion circuit 132 a baseband switch BB SW 156 is con- 
trolled to perform change-over to the satellite 
communication or earth radio communication. 

Next, the converter 9 shown in Fig. 3B has a func- 
tion of performing frequency conversion between the 
satellite communication and ground radio wave links. 
The converter 9 has such a structure that the antenna 
(A) 5 and antenna (B) 6 for use in the mobile satellite 
communication terminal can be mounted to the con- 
verter 9 or can be replaced by a single common 
antenna as mounted to the converter 9, whereby the 
antenna economy can be improved in the entire mobile 
satellite communication terminal. 

Figs. 3C and 3D show the antenna (A) 5 and 
antenna (B) 6 which are respectively independent sig- 
nal transmitting and receiving antennas. The antennas 
are connected to the interface 13 and converter 9 both 
by means of coaxial connectors for the send/receive 
signals. 



Shown in Fig. 5 is an arrangement of the above 
mobile satellite communication terminal when the termi- 
nal is used indoors to transmit/receive signals to and 
from the satellite. In the illustrated repeater terminal 10, 
the antenna (A) 5 and antenna (B) 6 are mounted to the 
converter 9. In the illustrated indoor terminal 4, on the 
other hand, the antenna (B) 6 is mounted to the mobile 
unit 16. 

As explained above, signal transmission and recep- 
tion can be realized between the indoor terminal 4 and 
repeater terminal 10 through the ground radio link 12, 
while signal transmission and reception can be realized 
between the repeater terminal 10 and satellite 2 through 
the satellite communication link 1 1. 

As a result, when it is desired to freely want to do 
satellite communication inside a structure, this can be 
established by combining the mobile unit 16 and 
antenna (B) 6 to form the indoor terminal 4 and by com- 
bining the converter 9 and antenna (A) 5 to form the 
repeater terminal. 

Meanwhile, when it is desired to perform the satel- 
lite communication outside the structure, i.e., outdoors, 
this can be attained by combining the mobile unit 1 6 and 
antenna (A) 5 to form the outdoor terminal 3. 

Thus, when there are prepared, at least, one of the 
common part 15, one of the antenna (A) 5, two of the 
antennas (B) 6 and one of the converter 9; the satellite 
communication can be readily utilized even in any appli- 
cation environments. 

It goes without saying that although the outdoor ter- 
minal 3 has been used only outdoors in the foregoing 
embodiment the present invention is not restricted to 
the specific example but the outdoor terminal 3 may be 
positioned inside a structure as in the repeater terminal 
10 to directly receive or transmit signals from or to the 
central earth station 1 via the satellite, so long as the 
outdoor terminal 3 can get an unobstructed view of the 
satellite. 

Similarly, the provision position of the indoor termi- 
nal 4 is not limited to indoor one but it can be located 
outdoors to perform its transmitting and receiving oper- 
ations with another indoor terminal 4 of another user 
located indoors, as a matter of course. 

It is also a matter of course that the indoor terminal 
4 and repeater terminal 10 are both used outdoors to 
carry out the satellite communication. 

As has been explained in the foregoing, in accord- 
ance with the present invention, the satellite communi- 
cation can be utilized by using the satellite 
communication and ground radio link antennas having 
an exchangeability in any application environments 
including indoors and outdoors, whereby the feasibility 
of the present invention as the mobile satellite commu- 
nication terminal can be fully demonstrated advanta- 
geously. 
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Claims 

1. A mobile satellite communication terminal to be 
located indoors or outdoors for carrying out signal 
transmission and reception via a satellite, compris- s 
ing, in an indoor mode: 

a repeater terminal installed indoors and 
having a first antenna for ground radio link and a 
second antenna for satellite communication link 
mounted thereto for converting a signal on said io 
ground radio link into a signal on said satellite com- 
munication link; and 

a mobile unit installed indoors and having 
said first antenna for ground radio link mounted 
thereto forming an indoor terminal for carrying out is 
transmission or reception of a signal externally con- 
nected via said ground radio link, 

or comprising, in an outdoor mode; 

said mobile unit installed outdoors and hav- 
ing said second antenna for satellite communica- 20 
tion link mounted thereto forming an outdoor 
terminal for carrying out transmission and reception 
of a signal externally connected via said satellite 
communication link, wherein 

either one of said outdoor and indoor termi- 25 
nals is formed depending on said first and second 
antennas mounted to said mobile unit 

2. A mobile satellite communication terminal as set 
forth in claim 1 , wherein said indoor terminal has so 
said first detachable antenna for transmission or 
reception of signals to or from said ground radio link 
mounted thereto for detecting said mounting of the 
first antenna and automatically selecting a first 
send/receive frequency and a first modula- 35 
tion/demodulation system. 

3. A mobile satellite communication terminal as set 
forth in claim 1 or 2, wherein said outdoor terminal 
has said second detachable antenna for transmis- 40 
sion or reception of signals to or from said satellite 
communication link mounted thereto for detecting 
said mounting of the second antenna and automat- 
ically selecting a second send/receive frequency 
and a second modulation/demodulation system. 45 

4. A mobile satellite communication terminal as set 
forth in claim 2 or 3, wherein said mobile unit 
includes an interface connected to said first or sec- 
ond antenna by means of a coaxial connector, a so 
first high frequency circuit connected to said inter- 
face for generating a first transmit/receive fre- 
quency, a second high frequency circuit connected 

to the interface for generating a second trans- 
mit/receive frequency, and a common part con- ss 
nected to said first and second high frequency 
circuits for performing its modulating and demodu- 
lating operations to form an interface with an exter- 
nal subscriber terminal; and wherein said interlace 



has a high frequency switch for detecting said first 
or second antenna connected thereto and selecting 
the high frequency circuit which is equivalent side 
to a type of detected antenna and a control circuit 
for sending a detection signal to said common part 
and selecting a baseband switch in order to select 
the modulation/demodulation system which is 
equivalent side to a type of detected antenna. 

5. A terminal as set forth in any of claims 1 to 4, 

wherein said repeater terminal includes said 
first antenna, said second antenna, a converter 
connected with said first and second antennas for 
alternately converting between said first and sec- 
ond transmit/receive frequencies. 

6. A terminal as set forth in any of claims 1 to 5, 

wherein said repeater terminal is installed at 
a location where the repeater terminal can get an 
unobstructed view of said satellite. 

7. A terminal as set forth in any of claims 2 to 6, 

wherein said first transmit/receive frequency 
is set in a low frequency band below VHF band. 

8. A terminal as set forth in any of claims 2 to 7, 

wherein said first modulation/demodulation 
system is set to be the same as said second modu- 
lation/demodulation system. 
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